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ABSTRACT
The aim of the study was to investigate the effect of 8-week home exercise 
programme (HEP) on thigh muscle tone in patients with knee joint osteo-
arthritis (OA) before total knee arthroplasty (TKA). Fifteen female patients 
with knee joint OA aged 50–74 years who were scheduled to TKA participated 
in the study before and after 8-week HEP. Muscle tone (frequency of muscle 
 oscillation), elasticity (logarithmic decrement of muscle damped oscillations) 
and stiffness of rectus femoris, vastus medialis and vastus lateralis muscles were 
measured using hand-held myotonometer Myoton 3. Self-reported assess-
ment of knee joint function and pain was performed using Western Ontario 
McMaster Universities Osteoarthritis Index (WOMAC). Significant (p<0.05) 
decrease in muscle tone and stiffness of vastus lateralis muscle was noted after 
HEP, but no change was observed in elasticity of the muscle. Also no significant 
difference was found in rectus femoris and vastus lateralis muscles in either tone, 
elasticity or stiffness. As a result of 8-week HEP, pain intensity in knee joint 
decreased, whereas self-reported function of knee joint by WOMAC did not 
improve significantly. Preoperative performance of HEP is recommended for 
improvement of surrounding knee joint muscle function.
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INTRODUCTION
Osteoarthritis (OA) is one of the most common diseases affecting joints and 
causing loss of functional ability among elderly people and the disease most 
commonly affects knee joints. The risk factors of the disease are age, female 
gender, obesity, trauma, genetical predisposition and muscle weakness. The 
main symptoms are pain, joint stiffness, swelling, joint instability and muscle 
weakness, which can lead to impaired physical and emotional condition and 
reduced quality of life [5, 3].
Total knee arthroplasty (TKA) is an intervention for people with severe 
OA when conservative therapy has no effect. Patients often have to wait  several 
months for the surgery and during that time they endure severe pain that 
restricts their activities of daily living (ADL) and participation in their normal 
social roles. Pre-operative interventions such as exercises are performed in 
the expectation of improving pre-operative outcomes as well as recovery after 
surgery [20]. There is much evidence suggesting that exercises are effective 
in OA patients for decreasing pain and improving function [5, 3]. Not much 
research has been done about the effect of exercises in OA patients waiting for 
knee replacement surgery [20].
There is no evidence in the literature about muscle tone measurement in 
OA patients.
Muscle tone of quadriceps femoris muscle has been previously studied in 
healthy older males [1] and adult male basketball players [12], as well as other 
lower limb muscles in young male athletes [10, 11]. There has been one study 
that investigated muscle tone of quadriceps femoris muscle after arthroscopic 
partial menisectomy in males and females [6]. However, muscle tone is a very 
important criterion, when determining the function of the skeletal muscle [21, 
19]. A special device for measuring muscle tone – myotonometer – was devel-
oped at the University of Tartu. Its validity and reliability have been scienti-
fically proven [4, 22]. The working principle of the device is based on recording 
the damped oscillation of tissue after a short calibrated mechanical impulse on 
the muscle belly [1, 18].
The aim of the present study was to investigate changes in thigh muscle tone 
and function of knee joint in OA patients waiting for TKA before and after an 
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MATERIALS AND METHODS
Subjects
Thirteen female patients aged 50–74 years with late stage of knee joint OA who 
were scheduled for total arthroplasty of the knee joint volunteered to parti-
cipate in the study. The mean±SD age of the patients was 62.3±7.2 years, body 
mass was 91.3±15.9 kg and body mass index was 34.7±6.0 kg/m2. The subjects 
were scheduled to surgery and evaluated by orthopaedic surgeon in the Depart-
ment of Orthopaedics and Traumatology of Tartu University Hospital. The 
exclusion criteria were other musculoskeletal diseases, neurological diseases 
and diseases affecting balance and coordination. On the day of the assessment 
the subjects had not taken any inflammatory or pain relieving medication and 
all testing was conducted in the morning time from 9 to 11 am. Before the 
beginning of the testing session, all subjects completed an informed consent 
form. The study carried the approval of the Ethics Committee of the University 
of Tartu. The testing was performed in the Laboratory of Kinesiology and Bio-
mechanics of the University of Tartu twice – before and after the 8-week HEP.
Measures
Clinical investigation
The subjects’ clinical investigation was performed by orthopaedic surgeon 
(TH) in the Department of Orthopaedics and Traumatology of Tartu Uni-
versity Hospital. Knee joint osteoarthritic changes were evaluated in X-ray 
imaging and patients with late stages of OA (stage III–IV according to Kellgren 
and Lawrence [8] classifications) who were scheduled for knee joint replace-
ment and had no above mentioned exclusion criteria were recommended for 
participation in the present study.
Exercise programme 
The preoperative therapeutic HEP was mostly oriented to muscle strength-
ening exercises with elastic band (Thera-Band, System of Progressive Exer-
cise, US), stretching, balance and walking exercises. At the first meeting the 
physiotherapist (JS) explained the exercise programme to the patients, gave 
them the elastic band set, the printed exercise programme with pictures and 
explanations, and diary. In the diary they recorded how many times per day 
they did each exercise, training time, perception of pain before and after the 
HEP, perceived intensity of the exercise and fatigue during the exercises using 
modified Borg scale, time spent in outdoor walking, and the number of stairs 
walked during the day. Once a week the physiotherapist called the patients 
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patients performed the HEP once a day during 64 days (whereas one patient 
did the exercises twice a day) on the average with mean exercise time duration 
of 35 min.
Muscle tone measurement
For muscle tone, elasticity and stiffness characteristics investigation the 
 hand-held myotonometer Myoton 3 (Müomeetria Ltd, Estonia) was used [13, 
15, 17]. The working principle of device is based on dosed impact on mus-
cle belly, after which a muscle as viscous-elastic structure reply with damped 
oscillation. The muscle tone is characterized by frequency of muscle oscil-
lation [Hz]. The muscle elasticity, i.e. the ability of the muscle to restore its 
initial shape after contraction, is characterized by logarithmic decrement of 
 oscillations’ amplitude damping [14, 16]. Muscle with high elasticity has lower 
  logarithmic decrement value. Stiffness of muscle characterized the ability of 
tissue to restore its shape after removing of external force acting on muscle. 
Myoton 3 has mass of testing end 18 g and it induces oscillation of muscle  tissue 
by a mechanical impact with minimal force (up to 0.4 N). The diameter of 
Myoton 3 testing end was 3 mm and stroke time of testing end of device  during 
all measurements was 15 ms. Previously it has been found that the acquired 
data of muscle tone, elasticity and stiffness did not depend on the measurer 
[19] and good reliability of device was noted [4]. 
Following knee extensor muscles were investigated: m. rectus femoris (RF), 
m.vastus medialis (VM) and m.vastus lateralis (VL). The area for measure-
ments (the middle part of muscle belly) was identified by manual palpation at 
 muscle contraction [9, 18, 7]. The testing end of myotonometer was placed on 
  previously palpated muscle belly. Points for measurements has been marked 
by marker symmetrically for muscles of right and left body side. Registering 
tone characteristics of the observable person was in supine position (Figure 1). 
The muscle tone characteristics were evaluated at rest using MultiScan mode 
of myotonometer performing 5 measurements in each muscle before and after 
8-week HEP. Data were analysed using software Myoton® and mean value from 
5 measurements were accepted for future analysis.
Self-reported knee function assessment 
Patients assessed their knee joint function using Western Ontario McMaster 
Universities Osteoarthritis Index (WOMAC) questionnaire which are used 
for patients with knee joint OA. Questionnaire consists of 24 questions (5 for 
pain, 2 for stiffness and 17 for physical function of knee joint) [2]. WOMAC 
index values are in range of 0 (worst) to 100 (best).  Influence of home exercise programme on thigh muscle tone and function ...  |  123
Statistical analysis
Data are mean and standard deviation (±SD). A paired t-test was used to eval-
uate differences between pre- and post-HEP session. A level of p<0.05 was 
selected to indicate statistical significance.
RESULTS
Data of the muscle tone, elasticity and stiffness characteristics are presented in 
Tables 1, 2 and 3, respectively. 
Table 1. Muscle tone characteristics (frequency of muscle oscillation) in women with 
knee OA before and after 8-week HEP
                 Frequency (Hz)
Muscle
Before HEP After HEP
Mean±SD Min Max Me-
dian
Mean±SD Min Max Me-
dian
M. rectus femoris
Affected 11.41±1.46 8.78 13.54 11.58 11.32±1.58* 8.56 14.94 11.32
Non-affected 11.56±1.76 8.86 15.06 11.58 11.45±1.94* 8.66 15.42 11.48
M.vastus medialis
Affected 10.31±1.06 8.56 12.04 10.06 10.52±1.25* 8.68 12.44 10.32
Non-affected 10.54±1.21 8.76 12.90 10.40 10.48±1.19* 8.94 11.7 10.22
M.vastus lateralis
Affected 11.29±2.75 7.58 17.00 11.24 10.29±1.77* 8.10 14.34 10.12
Non-affected 11.28±2.45 7.40 17.00 11.60 10.68±1.89* 8.60 15.10 10.90
Note: HEP – home exercise program, SD – standard deviation, min-minimum, max-maximum, 
*p<0.05 as compared pre- and post-HEP
Figure 1. Measure-
ment of thigh muscle 
tone by myotonometer 
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Table 2. Muscle elasticity characteristics (logarithmic decrements) in women with 
knee OA before and after 8-week HEP
                       Decrement
Muscle
Before HEP After HEP
Mean±SD Min Max Me-
dian
Mean±SD Min Max Me-
dian
M. rectus femoris
Affected 1.80±0.32 1.41 2.46 1.77 1.85±0.23 1.44 2.27 1.84
Non-affected 1.69±0.33 1.24 2.23 1.69 1.77±0.22 1.33 2.05 1.81
M.vastus medialis
Affected 1.33±0.05 1.09 1.52 1.29 1.38±0.22 0.96 1.83 1.34
Non-affected 1.36±0.12 1.14 1.72 1.33 1.32±0.19 0.99 1.75 1.30
M.vastus lateralis
Affected 1.50±0.27 1.06 2.13 1.49 0.10±0.21 1.23 1.83 1.48
Non-affected 1.51±0.26 1.06 1.93 1.42 1.51±0.22 1.13 1.96 1.41
Note: HEP – home exercise program, SD – standard deviation, min-minimum, max-maximum. 
Muscle with high elasticity has lower logarithmic value
Table 3. Muscle stiffness characteristics in women with knee OA before and after 
8-week HEP
               Decrement
Muscle
Before HEP After HEP
Mean±SD Min Max Me-
dian
Mean±SD Min Max Me-
dian
M. rectus femoris
Affected 192.89±31.17 148.60 255.20 184.40 186.25±33.33 130.20 267.20 191.00
Non-
affected
189.48±33.59 145.40 243.20 178.00 186.73±35.86 131.00 259.20 186.60
M.vastus medialis
Affected 177.52±22.68 146.20 219.80 175.80 179.64±31.66 128.40 238.80 181.20
Non-
affected
183.53±29.57 148.00 250.60 180.20 173.72±29.33 127.20 248.00 177.00
M.vastus lateralis
Affected 178.88±12.47 115.00 261.40 253.60 168.47±34.80* 117.60 250.40 168.00
Non-
affected
184.60±6.13 124.60 288.00 183.90 171.07±40.92* 115.00 274.00 175.00
Note: HEP – home exercise program, SD – standard deviation, min-minimum, max-maximum; 
*p<0.05 as compared pre- and post-HEP  Influence of home exercise programme on thigh muscle tone and function ...  |  125
Tone, stiffness and elasticity of RF and VM muscles did not differ significantly 
(p>0.05) after 8-week HEP as compared to before. Muscle tone and stiffness 
characteristics of VL muscle decreased significantly (p<0.05) after 8-week 
HEP. There was noted no statistically significant difference in muscle tone, 
stiffness and elasticity between the affected and non-affected leg before and 
after 8-weeks HEP.
Figure 2. WOMAC index for self-reported assessment of pain, stiffness and func-
tion of the knee joint as well as total score in women with knee OA before and after 
8-week HEP. Higher score indicates better condition of the knee joint. (mean±SD), 
*p<0.05
In the present study a statistically significant decrease (p<0.05) of knee joint 
pain was noted after 8-weeks HEP, whereas there was no changes in the total 
score of WOMAC index (Figure 2). 
DISCUSSION
The reference values of muscle tone, stiffness and elasticity are individually 
specific, varying remarkably between test subjects and between muscles [18, 
19]. Therefore it is recommended to follow reference values when evaluating 
the results, also trends of parameters (changes in time) should be considered. 
Variability of a characteristic is very informative in a longitudinal study [18]. 
In the present study range of different characteristics was found. Taking all of 
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frequency of muscle oscillation were: for RF muscle 11.4–15.06 Hz, VM muscle 
8.56–12.9 Hz, VL muscle 7.4–17 Hz. Reference value of frequency of muscle 
oscillation of non-pathological muscles is 11–16 Hz [18]. When comparing 
the results of the present study with the reference value of frequency of muscle 
oscillation it was noted that all measurements of muscle tone characteristics 
were within the reference value range. 
In the present study the ranges of logarithmic decrements for RF muscle 
were 1.24–2.46 (mean 1.78), for VM muscle 0.96–1.83 (mean 1.35), for VL 
muscle 1.06–2.13 (mean 1.49). Reference values of logarithmic decrements are 
below 1.0–1.2 [18]. Lower logarithmic decrement values demonstrate higher 
elasticity of muscle. It can be concluded that in present study the elasticity of 
muscles of OA patients was lower as compared to healthy subjects’ reference 
data. 
Values of muscle stiffness for RF muscle in OA patients were 
130–267 N/m (mean 189 N/m), for VM muscle 127–251 N/m (mean 179 
N/m), for VL muscle 115–288 N/m (mean 176 N/m). The range of muscle 
stiffness reference value is 150–300 N/m [18]. Unfortunately there were no 
similar studies in the literature for the comparison of changes in muscle tone 
characteristics after 8-week HEP in women with knee OA. In a recent study by 
Aird and  colleagues [1] no statistically significant difference between mechan-
ical   properties (tone, elasticity and stiffness) of m. quadriceps femoris in the 
dominant and non-dominant leg was found in healthy male subjects measured 
by MyotonPRO myotonometer (Myoton AS, Estonia). 
We can conclude that after 8-week HEP patients with knee joint OA had 
significant decrease of muscle tone and stiffness in m. vastus lateralis affected 
and non-affected thigh. There was noted no significant difference in measured 
characteristics of other studied muscles of neither affected nor non-affected leg. 
The measured characteristics also did not differ significantly between legs. It 
could be proposed that osteoarthritic changes are presented in patients knee 
joints bilaterally, but in different levels. As a result of 8-week HEP, pain intensity 
in knee joint decreased, whereas self-reported function of knee joint did not 
improve significantly. Similar results of the WOMAC index score have also 
been found by previous studies with patients with knee OA [20]. Preoperative 
performance of HEP is recommended for improvement of surrounding knee 
joint muscle function. Future study should be carried out to elucidate which 
kind of exercise influence the increase of muscle function in knee joint OA 
patients before TKA with aim to accelerate postoperative recovery.  Influence of home exercise programme on thigh muscle tone and function ...  |  127
ACKNOWLEDGEMENTS
This study was partly supported by the Estonian Ministry of Education and 
Research project SF0180030s07 and Estonian Science Foundation project 
7939, and by European Union FP7 223576 project.
REFERENCES
1.  Aird L, Samuel D, Stokes M. (2012) Quadriceps muscle tone, elasticity and 
stiffness in older males: reliability and symmetry using the myotonPRO. Arch 
 Gerontol Geriatr, 55: e31–e39
2.  Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. (1988) 
 Validation study of WOMAC: a health status instrument for measuring clinically 
important patient relevant outcomes to antirheumatic drug therapy in patients 
with osteoarthritis of the hip or knee. J Rheumatol, 15: 1833–1840
3.  Bennell KL, Hinman RS. (2011) A review of the clinical evidence for exercise in 
osteoarthritis of the hip and knee. J Sci Med Sport, 14: 4–9
4.  Bizzini M, Mannion AF. (2003) Reliability of a new, hand-held device for assessing 
skeletal muscle stiffness. Clin Biomech, 18: 459–461
5.  Fransen M, Crosbie J, Edmonds J. (2001) Physical therapy is effective for patients 
with osteoarthritis of the knee: a randomized controlled clinical trial. J Rheumatol, 
28: 156–164
6.  Gapeyeva H, Pääsuke M, Ereline J, Eller A, Pintsaar A. (2002) Isokinetic strength 
and tone of knee extensors following partial menisecectomy: one-year study. In: 
Martos E. (Ed.) Proceedings of 27th World Congress on the International Federa-
tion of Sports Medicine (FIMS), 05.06–09.06.2002, Budapest, Hungary. Bologna, 
Monduzzi Editore, 245–251
7.  Gapeyeva H, Vain A. (2008) Principles of applying Myoton in physical medicine 
and rehabilitation. Methodical Guide. Tartu
8.  Kellgren JH, Lawrence JS. (1957) Radiological assessment of osteoarthrosis. Ann 
Rheum Dis, 16: 494–502
9.  Kendall FP, Kendall ME, Provance PG. (1993) Muscles: Testing and function: 
with posture and pain. 4th ed. Philadelphia etc. Lippincott Williams & Wilkins
10. Lavrjenteva V. (2008) Body static balance and neuromuscular performance 
 characteristics in young male athletes of different training orientation. University 
of Tartu. Master dissertation. (In Estonian) 
11. Makarova A. (2009) Postural control and functional condition of ankle joint in 
male football and ice hockey players aged 10–11 years. Master dissertation. (In 
Estonian)
12. Vahimets M, Gapeyeva H, Ereline J, Pääsuke M, Kaasik P, Vain A. (2006) Influ-
ence of trigenics myoneural treatment on lower extremities’ muscle tone and 
  viscous-elastic properties in young basketball players. Acta Acad Olymp, 14: 
49–68128  |  H. Gapeyeva, K. Saksniit, J. Sokk, J. Ereline, M. Rätsepsoo, T. Haviko, M. Pääsuke
13. Vain A. (1979) The damped oscillation method for diagnostics of functional state 
of human skeletal muscles. In: Methods of Vibrational Diagnostics of Rheological 
Properties of Soft Materials of Biological Tissue. Gorki, p. 116–125 (In Russian)
14. Vain A. (1993) On the tone of the skeletal muscle. Acta et Commentationes Univ 
Tartuensis, 958: 138–153
15. Vain A. (1997) Method and device for recording mechanical oscillations in soft 
biological tissues. WO 9735521
16.  Vain A. (1999) Estimation of skeletal muscle elasticity on subtonic tension level. 
In: Proceedings of the Estonian Academy of Sciences, 4: 312–321
17. Vain A. (2000) Method and device for recording mechanical oscillations in soft 
biological tissues. US Patent 6132285
18. Vain A. (2002) Myometry: biomechanical diagnostics of the skeletal muscle 
 functional condition. Tartu, (In Estonian)
19.  Viir R, Laiho K, Kramarenko J, Mikkelsson M. (2006) Repeatability of trapezius 
muscle tone assessment by a myometric method. J Mech Med Biol, 6: 215–228
20. Wallis JA, Taylor NF. (2011) Pre-operative interventions (non-surgical and 
non-pharmacological) for patients with hip or knee osteoarthritis awaiting joint 
replacement surgery – a systematic review and meta-analysis. Osteoarthr Cartil, 
19: 1381–1395
21. Walsh EG. (1992) Muscles, masses & motion: the physiology of normality, hypo-
tonity, spasticity and rigidity. MacKeith Press, London
22. Zinder SM, Padua DA. (2011) Reliability, validity, and precision of a handheld 




Institute of Exercise Biology and Physiotherapy
Faculty of Exercise and Sport Sciences
University of Tartu
Jakobi 5, 51014, Tartu
Estonia
E-mail: helena.gapeyeva@ut.ee
Tel/Fax: +372 7 376286 